We have performed ab-initio band structure calculations on more than two thousand half-Heusler compounds in order to search for new candidates for topological insulators.
I. INTRODUCTION
Topological insulators (TIs) that are characterized by metallic surface states inside the bulk band gap have attracted great attention in the recent years [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Recently, various searches for new topologically nontrivial phases have been extended to ternary compounds [18] [19] [20] [21] [22] [23] [24] . In particular, many half-Heusler compounds have been predicted to be TI by band structure calculations [18, 19, 25] . Their band structures are characterized by a band inversion at the Γ point, which is similar to that of another known TI, HgTe. However, most of the reported Heusler TIs exhibit zero band gap [25] [26] [27] , which may result in carriers in the bulk by thermal excitation at finite temperatures. External strains or structure distortions are required to open the bulk band gap, which is usually in the order of meV, to realize a real TI.
Though a few negative spin-orbit splitting induced half-Heusler TIs (including LiAuS and NaAuS) with large gap were reported by Zunger et al [28] , it is not clear whether more TIs with large gaps exist in half-Heusler compounds. Therefore, a systematic survey of new half-Heusler topological insulators with considerable band gap is strongly demanded, as well as the electronic property study of the attractive candidates.
Half-Heusler compounds (chemical formula MM'X) are usually non-magnetic and semiconducting when the number of total valence electrons is 18, with a number of 22 elements in total. Totally we have 2295 compounds as possible candidates for TIs. We define the band inversion strength, △, by the energy difference between the Γ 6 states and the conduction bands minimum (CBM). So negative values of △ correspond to the topologically nontrivial materials, while the positive values represent the topologically trivial materials. Among all these materials, we found that LiAuS and NaAuS are the most interesting TIs with the bulk band gap of 0.20 and 0.19eV, respectively. In particular, they distinguish from currently known topological insulator materials with their topological surface states exhibit the right-hand spin-texture in the upper Dirac cone.
II. COMPUTATIONS
The calculations were carried out with the spin polarized density functional theory (DFT) as implemented in Vienna ab initio simulation package (VASP) [29] . The Perdew-Burke-Ernzerhof type generalized gradient approximation (GGA) [30] was adopted for the exchange and correlation functionals. A plane wave cutoff of 450 eV and a 5×5×5
Monkhorst-Pack k-point mesh are used for the calculation. To confirm the reliability of our calculation, we also calculated the band inversion strength of YAuPb, of which the calculated and X at (0 0 0) [31] .
III. RESULTS AND DISCUSSION
The calculated equilibrium lattice constants, band inversion strengths, and bulk band gaps of the systems with band gaps greater than 0.08 eV are listed in Table I . It was reported that [25, 32] the computations based on the local-density approximation(LDA) or GGA often result in a smaller value of the band inversion strength comparing with the MBJLDA [33] result. Particularly, ScAuPb and YPdBi are predicted of small negative band inversion strength in LDA, but become positive when using MBJLDA potential [32] . However, we find that the error between LDA or GGA and MBJLDA is within 0.3 eV for most of the half-Heusler candidates in the literature, and all the half-Heusler topological insulators with more than 1.0 eV band inversion strengths are predicted to be topologically nontrivial phases [25, 33] . In fact, the band inversion strengths of LiAuS and NaAuS are calculated to be -1. We count the band inversion strengths and band gaps of these alloys, as the corresponding results shown in Fig. 3 . The band inversion strengths of most of these alloys are less negative than -2 eV. Although, nearly 68% of them are found to have small band gaps, and the numbers of the alloys drops quickly with the increasing band gaps. We find that bottom surface, similar to previously reported TIs, LaBiTe 3 [36] and BiTeCl [37] . Therefore, one can find that the surface Dirac cone is p-type and n-type doped on the S-terminated and Au-terminated surfaces, respectively, as shown in Fig. 6 . Given the topologically nontrivial, the intrinsic dipole field makes these two compounds an ideal platform for the realization of topological magneto-electric effects [38] . Moreover, we observed a right-hand spin texture in the upper Dirac cone. This is opposite to previously known TI materials such as Bi 2 Se 3 [12, 13, 39] . The unique spin vortex on LiAuS type TIs is attributed to the negative sign of SOC [40] , which can exhibit exotic topological phenomena when interfaced with a left-hand TI material [40, 41] .
It is worthwhile to further investigate the strain effect on the band inversion strengths and bulk band gaps for LiAuS and NaAuS, since strains often exist in the interfaces of devices. In the simulations, the c-axis is unconstrained(free to relax) for a given in-plane lattice constant a in the ranges of 5.33 Å-6.64 Å and 5.64 Å-6.95 Å, i.e. with strains of-11.0% to 11.0% and -10.4% to 10.4%, respectively. As shown in Fig. 7 , we find that the minimum of band inversion strengths is near the equilibrium lattice and it increases as the lattice constant deviates from the equilibrium. Particularly, they change rapidly when the lattice constant increases from the equilibrium value, while it changes much slower under negative strains.
It is also clear that the range ability of LiAuS is much larger than that of NaAuS. In addition, the maximum of bulk band gaps of LiAuS and NaAuS are at their equilibrium lattices and the 10 strain leads to smaller gaps. Beyond certain point (5.59 Å for LiAuS, and and 5.77 Åfor NaAuS) as the lattice decreases, the bulk band gaps of the systems become negative, indicating a transition from topological insulators into topological metals. Nevertheless, the bulk band gaps keep positive under tensile strain up to 11.0% and 10.4% for LiAuS and NaAuS, respectively.
IV. CONCLUSION
In summary, we have studied 2295 candidates of half-Heusler alloys to search for topological insulators with large band gaps. We find some rules of thumb, i.e., band inversions often require a large difference of the valence electron numbers between M and M'.
Interestingly, LiAuS and NaAuS are excellent nontrivial topological insulators with band gaps of 0.20 and 0.19eV, respectively, holding great potentials making them suitable for spintronic applications. They are also unique with their topological surface states exhibit the right-hand spin-texture in the upper Dirac cone. The band inversion strengths and bulk band gaps of these systems are found to be robust under large in-plane strains, which make them suitable for epitaxial growth of films. 
